
Semi-Annual S t a t u s  Report 

for t h e  period 

September 15, 1975 through February 15, 1976 

Submitted Under 

NASA Grant NSG 1249 

en tit l ed  

F l igh t  Test of a S t a l l  Sensor and Evaluation of its 
Application to  a n  A i r c r a f t  S i a l l  Deterrent System 

Using the  NASA LRC General Aviation Simulator 

D r .  George Bennett and D r .  John K. Owens 

Mississ ippi  State University 
Aerophysics and Aerospace Engineering 
Miss i ss ippi  S t a t e ,  Mississ ippi  39762 

March 5, 1976 

(NASA-CY-146324)  FIIGHT TEST OF A STALL N 7 6 -  161 15 
SENSOEi A N D  S V A L U A T I C N  OF I T S  A P P L I C A T I O N  TO 
AN AIRCRAFT STALL DETEERENT SYSTEM USING THE 
NASA L R C  G E N E R A L  A V I A T I O N  SIHULATOR Unclas  
Semiannual Status ( R i s s i s s i p p i  S t a t e  Univ . ,  6 3 / 0 6  20456 

H C  $qt.oa 



TABLE OF CONTENTS 

Page 
List of Symbols. . . . . . . . . . . . . . . . . . . . . . . . . . . . i 

List of Illustrations . . . . . . . . . . . . . . . . . . . . . . . . . iii 

Acknowledgements . . . . I . . . . . . . . . . . . . . . . . . . . . . Vi 

s u m r m a r y . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 

Introduction . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2 

Sensor Design . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 4 

Flight Test Instrumentation . . . . . . . . . . . . . . . . . . . . . . 5 

Data Reduction . . . . . . . . . . . . . . . . . . . . . . . . I . . . 6 

Sensor Output Signal Conditfoning . . . . . I . . . . . . . . . . . . . 7 

Flight Test Program, Maneuvers, and Discussion of Initial Results . . . 8 

Stall Deterrent System Simulation Studies . . . . . . . . . . . . . . . 11 



List of Symbols 

- 
C 

U 
cL 

‘m 
0 

9 
m C 

‘rn a 

d c. 

I 
Y 

kS 

’r 

M 

V 

vS 

1 vS 

V 
s2 

W 

a 

al 

airplane mean aerodynamic chord, ft. 

airplane lift slope, l/rad 

airplane arbitrary pitching moment curve 

zero lift pitching moment 

pitch damping, seclrad 

linear moment derivative, l/rad 

elevator control derivative, l/rad 

airplane pitch moment of inertia, slug ft2 

angle of attack error gain, rad/volt 

pitch rate gain, rad/volt/sec 

aerodynamic moment = 

airplane wing area, ft2 

first order time constant for linear servo, sec 

airplane speed, f t/sec 

sensor output, volts 

sensor output at control point, 

sensor output for control saturation 

airplane weight, lbs 

airplane angle of attack, rad 

angle of attack for control onset, rad 

Cm 1 pV2SwZ, ft lbs 

i 



6e 

trim e 6 

P "e 

elevator deflect ion,  rad 

trim elevator def lect ion,  rad 

s t a l l  deterrent servo elevator increment, rad 

p i l o t  elevator command, rad 

ii 



L i s t  of I l l u s t r a t i o n s  

Figure Page 

1. Cessna 319 used f o r  S t a l l  Deterrent Study - * - - 19 

3. Hole and S l o t  O r i f i c e  Acoustic Sensors- - - - - - - - - - - - - - * 21 

5. Instrumentation I n s t a l l a t i o n  i n  Cessna 319. - - - - - - a - - - - - 23 

6 .  Schematic of Instrumentaticn System I n s t a l l e d  i n  Cessna 319 - - - - 24 

7. Alpha - Beta - Airspeed Probe * - * - - - 2 5  

8 .  Analog Data Reduction System - - - - - - . - . . . . . . . . . . 26 

9. Schematic of Data Reduction System- - - - - . - - . . - . . . . 27 

10. Sensor Acoustic Output Signal Conditioning C i r c u i t .  . . . . . . . . 28 

11. Sensor Outputs Versus Time f o r  S t a l l  Maneuver with 70 MPH Trim. . . 29 

30 
Power, 0 Degree Flap and 0 Degree Sides l ip  Angle 

12. Sensor Outputs Versus Time f o r  S t a l l  Maneuver with ?Q MPH Trim. . . 
Power, 0 Degree Flap and 10 Degree S i d e s l i p  Angle 

13. Sensor Outputs Versus Time f o r  S t a l l  Maneuver wfth 70 M P H  Trim- - 31 
Power, 0 Degree Flap and -10 Degree S i d e s l i p  Angle 

14. Processed Acoustic Signal Versus  Angle of Attack f o r  1 1 / 4 "  Height. 32 
Round O r i f i c e  Mounted on Right Wing f o r  0 and +10 C??ree 
S i d e s l i p  Angles. T r i m  a t  70 MPH Pcwer S e t t i n g a n d  0 Degree Flap 

15. Processed Acoustic Signal  Versus Angle of Attack f o r  1" . . . . 33 
Height Round O r i f i c e  Mounted on Lef t  Wing f o r  0 and +10 Degree 
S i d e s l i p  Angles. Trim a t  70 MPH Power S e t t i n g  and 0-Degree Flap 

16. Sensor Outputs Versus Time f o r  S t a l l  Maneuver with 70 MPH - 34 
T r i m  Power, Fu l l  Flap and 0 Degree S i d e s l i p  Angle 

1 7 .  Sensor Outputs Versus Time for Stall. Maneuver with 70 MPH. - . 35 
T r i m  Power, F u l l  Flap and 10 Degree S i d e s l i p  Angle 

18. Sensor Outputs Versus Time for S t a l l  Maneuver with 70 MPH . - 36 
T r i m  Power, F u l l  Flap and -10 Degree S i d e s l i p  Angle 

i ii 



Figure Page 

19. Processed Acoustic Signal Versus Angle of Attack . . . . . . . . . 37 
fo r  1 1/4" Height Round Orifice Mounted on Right 
Wing for 0 and +19 Degree S ides l ip  Angles. T r i m  
a t  70 MPH Power-Setting and Fu l l  Flap 

38 
20. Processed Acoustic Signal Versus Angle of Attack f o r  1". - - 

Height Round O r i f i c e  Mounted on Lef t  Wing for 0 and - +10 
Degree S ides l ip  Angles and F u l l  Flap 

21. Assumed Acoustic Sensor Processed Signal Output Versus - - - * 39 
Airplane Angle of Attack 

S t a l l  Deterrent System Elevator Increment Versus Error Voltage 22. - 39 

23. Response of S t a l l  Deterrent System t o  a 20 degree/sec - - - 4o 
Ramp P i l o t  Elevator Command Using a One Degree of Freedom Model 

24. Response of S t a l l  Deterrent System t o  a 20 degree/sec Spike - * 41 
P i l o t  Elevator Command Using a One Degree of Freedom Model 



V 



Acknowledgements 

The au thors  wish t o  thank D r .  Willie T. McDaniel, Director of t h e  

Engineering and I n d u s t r i a l  Research S ta t ion ,  f o r  providing funds f o r  a 

research a s s i s t a n t s h i p  on t h e  S t a l l  Deter ren t  program. 

wish t o  thank D r .  Randall Harris, and o ther  members of t h e  F l igh t  Vehicles 

Research Branch of FDCD f o r  t h e i r  a s s i s t a n c e  i n  the  performance of t h e  

s imula t ion  po r t ion  of t h i s  research and f o r  t h e i r  suggestions and t i m e l y  

c r i t i c i s m  of the  F l igh t  test  a c t i v i t y .  F ina l ly ,  t h e  au thors  wish t o  thank 

M r .  Michael L. King, graduate s tuden t ,  f o r  h i s  unceasing e f f o r t s  on the  

S t a l l  Deterrent research program. 

The authors  a l s o  

v i  



Summary 

The major tasks accomplished during the first half of the grant perioc' 

were completion of aircraft instrumentation system, execution of 17 test 

flights, initial development of the acoustic sensor signal conditioning 

unit, and development of stall deterrent system simulation computer pro- 

grams. The analog data reduction system has allowed very rapid analysis 

of flight test data and simplified the development of the sensor signal condi- 

tioning circuits. 

A series of flight maneuvers have been developed to cover the range 

of flight conditions and to define the repeatability and hysteresis of the 

sensors. Initial flights have been made with two sensors at the - 6 8 %  span 

and 60% and 70% chord stations. 

The primary effort in simulation program development has been to 

modify the LRC General Aviation Simulator (GAS) Fortran programs to allow 

execution on the MSU UNIVAC 1106. 

deterrent system has been developed. 

made on the LRC GAS January 28 and 29, 1976. A one degree of freedom 

model of pitch dynamics of the airplane and stall deterrent system Lias been 

developed to make initial estimates of the control system gains. 

error plus rate damping control algorithm has been found to have acceptable 

characteristics. 

A simple model of the sensor-servo stall 

Initial testing ui this node1 was 

A position 
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Introduct ion 

The objec t ives  of t h i s  s tudy are t o  determine the  s u i t a b i i t y  of the  

acous t i c  ve loc i ty  f l u c t u a t i o n  sensor  f o r  the  de tec t ion  of wing s t a l l  and 

the  p i l o t  a c c e p t i b i l i t y  of an a c t i v e  p i t c h  cont ro l  i n t e rven t ion  system f o r  

s t a l l  deterrence.  The acous t ic  sensor  is a t t r a c t i v e  because of its 

rugged cons t ruc t ion  and l o w  cost .  

mining the sensor  output  c h a r a c t e r i s t i c s  over a range of power s e t t i n g s ,  

f l a p  pos i t ions ,  and s i d e s l i p  angles  normal1.y encountered i n  high angle  of 

a t t a c k  f l i g h t .  

This  s tudy is d i rec t ed  toward deter-  

The concept of activ: in te rvent ion  during s t a l l  must be  examined 

ca re fu l ly  to determine the i n t e r a c t i o n  between the  a i r c r a f t ,  con t ro l  system 

and p i l o t  i n  a high stress eirvjronment. The Langley Research General 

Aviation Simulator is i d e a l l y  s u i t e d  f o r  t h i s  s tudy because of the  compu- 

t a t i o n a l  power, Lie real is t ic  v i s u a l  scene, and t h e  complete cockpi t  which 

includes motion cues. 

The sec t ions  which follow descr ibe  the  work completed a~ t h i s  point .  

The f l i g h t  t e s t i n g  is cu r ren t ly  progressing very w e l l .  The Cessna 319 

(Figs. 1 6 2 )  has  proved t o  be a very good vehic le  f o r  t h i s  research.  

The ease of access t o  the wing s t r u c t u r e  and the  cabin area p lus  the 

l a q e  payload capab i l i t y  has  made the t e s t i n g  p leasant .  Table 1 shows 

the  program schedule and the  cu r ren t  s t a t u s  of the var ious tasks .  The 

f l i g h t  t e s t i n g  is scheduled t o  be completed by Apr i l  15, sub jec t  t o  t h e  

a v a i l a b i l i t y  of t h e  Aztec a i r c r a f t .  The extensive modif icat ions t o  the 

Aztec f o r  cooling s t u d i e s  have taken w c h  longer than an t i c ipa t ed .  

The s imulator  eva lua t ion  se s s ion  has been broken up i n t o  two p a r t s  t o  

avoid a long absence from the  classroom. A l s o  we have found t h a t  checkout 

of the s imulator  f o r  high angle of a t t a c k  f l i g h t  is very slow snd tedious 
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A very brief checkout of the s t a l l  deterrent system was conducted January 

28 and 29, 1976. A one week session is scheduled for April 10 through 

April 16, 1976. The f ina l  session is to be scheduled for May 24 through 

May 28, 1976. 
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Sensor Design 

The acous t ic  probes used i n  t h i s  s tudy are shown i n  Figs.  3 and 4. 

The probes were constructed of Ward's Bio-Plastic l i q u i d  cas t ing  p l a s t i c  

to allow easy inspec t ion  of t he  o r i f i c e  cav i ty .  

s eve ra l  ho les  can be d r i l l e d  i n  each probe and t h e  appropr ia te  hole 

exposed during each f l i g h t .  A Shure microphone is  used f o r  these  s tud ie s .  

The cos t  is low and the  response very adequate. The s l o t  o r i f i c e  was test 

flown, however, t he  acous t i c  s i g n a l  d id  not  appear t o  be s u i t a b l e  f o r  

high angle  of a t t a c k  cont ro l .  I n  Fig. 2 ,  t he  test loca t ions  f o r  t he  probes 

are shown. 

and 60% and 70% chord a t a t ions .  

I t  has  been found tha t  

The f l i g h t s  up t o  t h i s  po in t  have been a t  the  68% span s t a t i o n  

4 



Flight Tea t Ins t rumen t a t ion 

The flight test instrumentation system installed in the 319 is shown in 

F i g .  5 and a complete schematic: is shown in Fig. 6 .  A signal conditioning 

box contains tne signal conditioning amplifiers and their associated power 

supplies. The amplifier gains are adjusted such that the outputs range 

between +1.3 - volts for full scale input of the parameters. This value 

of amplifier output is set to be compatible with the Lockheed analog tape 

recorder. 

and elevator deflection angle. The potentiometers are energized From a 

five volt regulated power supply. 

tested and it has regulation better than 0 . 5 %  over the 0 degrees C to 50 

degrees C temperature region of operation. The angle of attack and yaw 

sensors have given problems due to the flutter of the probe during high 

speed flight. 

possibly are not rugged enough for ,ais application. 

variable riluctaace pressure transducer is used with a Pace CD-17 signal 

conditioning unit to r’-asure airspeed. The pressure transducer and signal 

condirioning units are mounted in the signal conditioning box where the tenip- 

erature is held constant at approximately 25 degrees C. 

converts aircraft 24V to 115VAC at 400 Hz is used to power the entire systzm. 

A Lockheed Model 417 analog tape recorder is used to record all data. The 

recorder has a voice track that is used to keep track of the operation and 

mark the various events that occur during a flight. A digital vcltmeter is 

in .-  *.led in the instrumentation system so that a constant check C&;I be kept 

on the excitation to the potentiometers and cther pertinent vararlteters. 

magnetic microphoncs x e  used s the stall sensors. These microDhones are 

mounted in the wings of the I raft. The output of the microphones is con- 

ditioned in the signal conditioning box. 

A set of potentiometer sensors measure angle of attack, yaw angle, 

This power supply has been extensively 

The potentiometers usea in the probe are very small and 

A Northam 0.15 p s i d  

An inverter that 

Two 
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Data Reduction 

The analog computer was chosen for  the da t a  reduction because of the 

few channels being recorded and the high frequency acous t ic  s igna l s .  

Fig. 8 shovs t h e  i n s t a l l a t i o n  of the  equipment and Fig. 3 is a complete 

schematic. Cal ibra t ion  of the  a,B and 6 pos i t i on  sensors showed t h a t  a 

l i n e a r  f i t  w a s  appropr ia te  f o r  a and 6 , and a function generator w a s  

necessary fo r  the  B output. 

l inear,  thus a square roo t  device w a s  appropriate.  

e 

e 

The pressure transducer w a s  found t o  be very 

Cal ibra t ion  vol tages  were recorded a t  the  beginning and end of each 

f l i g h t  to  check the  record/playback accuracy of t he  tape  deck and t o  allow an 

e n t i r e  system checkout. A H e w l e t t  Packard 9ata Logger was  used t o  scan 

both input and output of t h e  analog system during the  c a l i b r a t i o n  vol tage  

inputs t o  g ive  a hard copy record. It  has been found t h a t  both the  a i rborne  

instrumentation package and the  da t a  reduction system are very s t a b l e  and 

requi re  l i t t l e  a t t en t ion .  

The da ta  reduction is done i n  real t i m e ,  thus the t i m e  requi red  t o  

process each f l i g h t  is of order  2 hours. 

ana lys i s  of t he  f l i g h t  test da ta  wi th in  one day of the  f l i g h t .  

This s h o r t  turnaround allows 

6 



Acoustic Signal Processing 

The ex ten t  of the  s i g n a l  processing t o  d a t e  has been t o  amplify the  raw 

sensor s i g n a l  t o  a l e v e l  compatible with t h e  Lockheed Model 417 Analog tape  

recorder and t o  f u r t h e r  condi t ion  t h e  da t a  by means of a f u l l  wave r e c t i f i e r  

with an averaging f i l t e r .  

an output signal t h a t  w i l l  be adequate f o r  cont ro l .  Fig. 10 of t h i s  progress 

r epor t  shows the  f u l l  wave r e c t i f i e r  and averaging c i r c u i t  t h a t  is i n  cu r ren t  

use. 

This r e c t i f i e r - f i l t e r  has been used t o  produce 

No attempt has been made t o  eva lua te  d iscr imina t ion  levels because 

the  sensor p o s i t i o n  on the  wing has not y e t  been fixed. 

sensor i n l e t  above the  wing is a l s o  i n  ques t ion  a t  t h i s  t i m e .  

of add i t iona l  f l i g h t s  of da t a  w i l l  be required before t h i s  problem of sensor 

loca t ion  and height can be f u l l y  resolved. 

t h a t  a pos i t i on  of 60% chord and a height of 1.25" is acceptable.  

The he ight  of t he  

The processing 

The da ta  t o  d a t e  i n d i c a t e s  

A minor problem (though a p leasant  one) t h a t  has  a r i s e n  is t h e  f a c t  

t ha t  a t  most of the  loca t ions  t e s t ed ,  the sensor shows an e a r l y  tu rn  on i f  

i t  is yawed i n t o  t h e  rear pos i t ion .  If an assessment of t he  f l i g h t  regime 

ind ica t e s  t h a t  t h i s  is a problem, i t  is f e l t  t h a t  by summing t h e  output  

of the  two sensors  (one on each wing) a r e l i a b l e  and uniform s i g n a l  can 

be produced. 

ered during t h e  latter ha l f  of the program. 

be intvestigated with r e l i a b i l i t y  of the system as a primary goal.  

Several  s i g n a l  summing p o s s i b i l i t i e s  e x i s t  and w i l l  be consid- 

These p o s s i b i l i t i e s  w i l l  

7 



F l i g h t  Tes t  Program, Maneuvers and Discussion of I n i t i a l  Resul t s  

The ob jec t ive  of t h e  f l i g h t  test program is t o  determine t h e  charac- 

teristics of t he  sensor output as a func t ion  of a i r p l a n e  angle  of a t t a c k ,  

s i d e s l i p  angle, power s e t t i n g ,  f l a p  s e t t i n g ,  sensor pos i t i on ,  sensor  o r i f i c e  

he ight  and o r i f i c e  shape. 

been developed t o  cover the  range of s ta l l  approaches which are of i n t e r e s t .  

It w a s  found that the  h y s t e r e s i s  and r e p e a t a b i l i t y  of t a e  sensor output  could 

be inves t iga t ed  by making t h r e e  angle  of a t t a c k  variaLions wi th in  each 

maneuver. 

bu f fe t ,  then the  a i r speed  is allowed t o  slowly inc rease  to  a f u l l y  uns t a l l ed  

condition, then a f a s t e r  bleed rate is appl ied  t o  b u f f e t  and recovery. 

F ina l ly  the  a i r c r a f t  is taken t o  a f u l l y  s t a l l e d  condi t ion  with f u l l  

e l eva to r  def lec t ion .  

f i n a l  maneuver and a s p i n  en t ry  is made. 

is rap id  when proper con t ro l  inputs  are given. 

Table 2 shows the  set of maneuvers which have 

F i r s t  a slow a i rspeed  bleed rate t o  t n e  onse t  of  s i g n i f i c a n t  

Usua l ly  a s t a l l  depar ture  is encountered wi th  t h i s  

The 319 w i l l  sp in ,  bu t  recovery 

Table 3 shows the  f l i g h t s  completed a t  t h i s  time. Af t e r  i n i t i a l  

problems with temperature d r i f t  of t he  potentiometer sensor power supply, the  

sys t em has  proved t o  be very r e l i a b l e .  F l t .  10 was t h e  f i r s t  f l i g h t  t h a t  

y ie lded  acceptable data.  

i n  t h i s  sec t ion .  

The r e s u l t s  of t h i s  f l i g h t  w i l l  be discussed later 

P l i g h t s  3 through 6 were made t o  e s t a b l i s h  pos i t i on  e r r o r  of t h e  p i to t -  

s t a t i c  probe and t h e  wing upwash co r rec t ion  f o r  t he  u probe. 

t h a t  t he  pos i t i on  e r r o r  was less than the  uncer ta in ty  i n  the a i r speed  indica- 

t o r  ca l ib ra t ion .  

of t he  upwash co r rec t ion  f o r  the a probe, and an inclinometer was used ins tead .  

The upwash cor rec t ion  w a s  not d i sce rn ib l e  from the  data, thus no cor rec t ion  

was made. 

I t  w a s  fouad 

A good v e r t i c a l  gyro was not  a v a i l a b l e  fo r  t h e  c a l i b r a t i o n  

8 



The s t a l l  p a t t e r n  on the  319 wing was photographed using a 16 ism 

movie camera. 

of the  movie f i lm shows t h a t  we m u s t  reduce t h e  f i l m  exposure, increase  

the t u f t  s i z e ,  and reduce t h e  area of coverage by the  camera t o  ob ta in  

b e t t e r  r e so lu t ion  of t he  s t a l l  pa t t e rn .  

repeated shor t ly .  

The Cessna 150 w a s  used as the  photographic platform. A review 

The photographic f l i g h t  w i l l  be 

The following d iscuss ion  illustrates the  d a t a  that is obtained during 

the  f l i g h t  test program. 

p a r t i c u l a r  case shown due t o  poor c o n t r a s t  of t h e  o r i g i n a l  da ta .  

probe w a s  rewarked following the  da t a  reduction, preventing reprocessing the  

data.  The time cons tan t  on the  averaging f i l t e r  w a s  1 second. Subsequent 

da t a  reduct ion  has  used a 0.2 second t i m e  constant.  The sensor  configura- 

t i o n  was a 1 1/4" he ight  ho le  o r i f i c e  on t h e  l e f t  wing and a 1" height  ho le  

o r i f i c e  on the  r i g h t  wing. 

span. 

The Visicorder output has been t raced  f o r  t h e  

The a-B 

The sensor p o s i t i o n s  were a t  70% chord and 68% 

See Fig. 2 €or  t h e  sensor pos i t i on  r e l a t i v e  t o  t h e  f l a p s  and a i l e r o - .  

Figs. 11 through 15 show the  d a t a  obtained f o r  t h e  zero f l a p ,  t r i m  

The general  a t  70 mph conf igura t ion  f o r  0 and - +10 degree s i d e s l i p  angles.  

result is t h a t  t he  1" height  o r i f i c e  is too c lose  to  the wing a t  the  70% 

chord pos i t i on  and p icks  up the  boundary layer l a r g e  scale f luc tud t ions  a t  

very low angles  of a t t ack .  Fig. 14 shows t h e  v a r i a t i o n  of sensor processed 

output versus a f o r  t he  1" o r i f i c e  height.  

f o r  a con t ro l  func t ion  and w i l l  not be considered f u r t h e r .  

This s i g n a l  is not  s u i t a b l e  

The 1 1/4"  he ight  o r i f i c e  i n  Fig. 11 shows the gradual onse t  of s ta l l  

with sensor output peaking before  a s t a l l  is reached. 

of t he  f i l t e r  causes the  slow response of sensor processed output  during the  

s ta l l  recovery. 

The long time cons tan t  

Fig. 1 2  shows the  sensor response f o r  the  10 degree s ide-  

9 



s l i p  angle. 

boundary layer buildup is small. However, Fig. 13 shows the  e f f e c t  of 

the  thickeneci layer  on t he  t r a i l i n g  wing. The sensor acous t ic  s i g n a l  

is i n i t i a t e '  a t  a lower angle of a t t a c k  and the  amplitude is doubled. 

The proceused sensor response versus  angle of a t t a c k  is shown i n  Fig. 15 

for 0 and 2 l G  degree s i d e s l i p  angle. 

occurs at an angle of a t t a c k  less than the  s t a l l  angle. 

acteristics . f  the  processed signal must be modified f o r  a s t a l l  de t e r r en t  

appl ica t ion .  

This yaw condi t ion places  the  r i g h t  wing forward and t h e  

Note t h a t  t h e  peak sensor output 

Both of these  char- 

Figs. 16 through 20 show t h e  e f f e c t  of f u l l  f l a p  upon the  sensor  

outputs  f o r  F l igh t  10. 

angle of a t t a c k  p l o t s  on Fig. 19 :nom t h a t  t h e  response is similar t o  the  

f l aps  up configuraion i n  output  vol tage l e v e l s  and angles  of a t t a c k  f o r  

onset and maximum output.  Thus for the  configurat ion chosen w e  can see 

l i t t l e  f l a p  e f f ec t s .  

Analysis of the  processed sensor  output versus  

Table 3 shows a log of t he  sensor  conf igura t ia tu  and pos i t i ons  t e s t ed  

up t o  t h i s  time. 

thorough ana lys i s  is made of a l l  of the  da t a  obtained through F1 ght  17.  

No f u r t h e r  f l i g h t  t e s t i n g  is t o  be conducted u n t i l  a 

10 



Stall Deterrent System Studfes 

The modification of the LRC General Aviation Simulator (GAS) to be 

compatible with the V U  UNIVAC 1106 has proved to be more difficult than 

anticipated. Also, a significant effort was made to develop an editing 

capability which would allow the generation of an extensive definition of 

symbols and simplify the modification of the programs. This area is to 

receive more attention during the remainder of the contract period. 

In view of these difficulties with the more complex simulation, a 

simple nve degree of freedom simulation program was developed to allow the 

Initial shaping of the stall deterrent control system for use on the 

LRC GAS. 

For a one DOF system we can equate a and body attitude, 8. Thus 

Assme moments about c.g. thus only aerodynamic moments will be considered. 

?hen we can write 

I a = C (a) + Cm + Cm 
0 a Y -* [m 

+ cm66e f c* pv 2- csw 
9 

Define 

A = 1/2pV2zSw 

I 

Then we can write (2) as two first order differential equations if & z q. 

Y 

. 
a E q  

c 

;i =[cm + cm a + cm(a) + cm 6e 
0 a 6 

First we must "trim up" the aircraft for static equilibrium. For 

trim 11 



I- 7 

+ C a + C (a )  /Cm m m  
O Q  

6 
etrirn 

where w e  assume L * W, thus 

A Rmga-Kutta i n t e g r a t i o n  rou t ine  w a s  used t o  i n t e g r a t e  these  equations 

over time. 

d e t e r r e n t  system inpu t s  PO e l e v a t o r  de f l ec t ion .  

The s ta l l  d e t e r r e n t  system is designed t o  l i m i t  angle  of a t t a c k  t o  

Of i n t e r e s t  is t h e  response of t h e  system to  p i l o t  and s ta l l  

avoid wing stall. 

p i lo t  and t h e  e l eva to r  so t h a t  t h e  a i r p l a n e  e l e v a t o r  d e f l e c t i o n  is the  sum 

of  t h e  p i l o t  and servo  inputs .  

a pe r tu rba t ion  from t r i m ,  thus 

For t h i s  system, a l i n e a r  se rvo  is placed between the  

For t h i s  model w e  assume t h e  p i l o t  Input is 

+ (t)  + 6s 
t r i m  ep 'e 'e 

The p i l o t  con t ro l  i npu t s  were made v i a  a t a b l e  lookup t i m e  h i s t o r y ,  thus 

a r b i t r a r y  con t ro l  motions are possible.  

of an angle of a t t a c k  sensor ,  a con t ro l  l og ic  u n i t ,  and a l i n e a r  servo. 

The acous t i c  sensor has a nonlinear response t o  angle  of a t t ack .  

s imula t ion  study, a s impl i f i ed  curve shown i n  Fig. 2 1  has  been assurced. 

The system is designed t o  l i m i t  a t o  12.5 degrees. 

been s tudied .  

defined. 

The s t a l l  d e t e r r e n t  system c o n s i s t s  

For t h i s  

Two con t ro l  laws have 

A p o s i t i o n  command system as shown i n  Fig. 22 has  been 

1 For Vs<Vs i.e. u<a 
1 

6s = 0 

1 2  



The linear servo is assumed to  have a f i r s t  o rder  response with a 0.2 

sec. time conatant.  No system h y s t e r e s i s  is assumed. 

A s i m i l a r  c o n t r o l  scheme using rate cornnand is being explored, but 

poor cont ro l  has  been accomplished f o r  high p i l o t  d e f l e c t i o n  rates. 

The r e s u l t s  of an a n a l y s i s  of Cessna 172 response is shown i n  Figs.  

23 and 24. 

I =  
Y 

sw = 

P t  

V =  

P 

The following parameters were assumed. 

2000 lbs .  

1244 s l u g  f t  

174 f t  

0.0024 s l u g l f  t 

2 

3 

130 f t l s e c  

4.8 f t  

0.2 sec 

= 4.89 
a cL 

Cm(a)= 0.0 

= 0.98 ‘m a 

c = 0.0 m 
0 

C = 1.72 
m6 

c - -10.0 m 
9 

k = .175 r a d l v o l t  

kr - .1 r a d l v o l t l s e c  

S 

Fig. 23 shows t h e  system response t o  a 20 degree per  second, 20 degree 

: u p  p i l o t  input .  

a = a 5 degrees. 

rates are input ,  t h e  a i r c r a f t  w i l l  pass through t h e  sensor cont ro l  region 

too quickly f o r  angle  of a t t a c k  l i m i t i n g  t o  take place.  We are c u r r e n t l y  

i n v e s t i g a t i n g  t h e  maximum p i t c h  rates poss ib le  i n  the  319 t o  support  t h i s  

work. 

Note t h e  system e x h i b i t s  l i t t l e  overshoot and trims a t  

It has  been found t h a t  i f  very high p i l o t  command p i t c h  

Fig. 24 shows the  system response to a p i l o t  sp ike  input .  Note t h e  

long time required t o  damp a f t e r  r e t u r n  t o  trim is due t o  no con t ro l  i n p u t s  

and only a i r c r a f t  damping ac t ive .  

13  



The next step is to continue these simulation experiments using the 

GAS programs in a three degree of freedom mode. 

14 
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Table 2 

Fl igh t  Test S t a l l  Maneuvers 

Maneuver 

5 

6 

7 

8 

9 

10 

11 
12 

13 
14 
15 

16 

1 7  

18 

19 

Flap 
S e t t i n g  
Degree 

0 

0 

0 
0 

F u l l  

F u l l  

F u l l  

0 

0 

0 

0 

0 

0 

F u l l  

F u l l  

0 

0 

0 

112 

F u l l  

Power 
Se t t i ng  

Trim 

F u l l  

S i  des l i p  
Angle Remarks 
Degtee 

60,70,80,90 mph constant  

c a l i b r a t i o n  
0 speed segments f o r  system 

0 

Trim @ 70 mph 0 

I d l e  0 

F u l l  0 

Trim @ 70 mph 0 

I d l e  0 

Trim @ 70 mph 10 Wings l e v e l  s i d e s l i p  

T r i m  @ 70 mph 20 

T r i m  @ 70 mph -10 

Trim @ 70 mph -20 

T r i m  @ 70 mph 10 Ailerons n e u t r a l  

Trim @ 70 mph -10 Ailerons n e u t r a l  

Trim @ 70 mph 10 Wings l e v e l  s i d e s l i p  

Trim @ 70 mph -10 

F u l l  

F u l l  

Landing & Takeoff 

Landing & Takeoff 

Landing & Takeoff 

0 60'1eft 2"g" acceler- 
a t e d  s ta l l  

0 60'right bank 2"g" 
acce lera ted  s t a l l  

4 

16 
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Fig. 2 3-H- of Cwsm 319 with Sensor *c- Poeitions 
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Fig. 14 .  Processzd Acoustic Signal Versus Angle of  Attack f o r  1 114" Height 
Round Orifice Mounted on Right Wing for 0 and 510 Degree 
Sidesl ip Angles, Trim at  70 MPH Power Setting and 0 Degree F l a p  
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Fig .  15. Processed Acoustic Signal Versus Angle of Attack for 1" Height 
Round Orifice Mounted on Left Wing for 0 and t10 Degree 
Sideslip Angles. T r i m  a t  70 MPH Power Setting and IJ Degree Flap 
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Fig. 21. Assumed Acoustic Seasot processed Signal Output Versus 
Airplane Angle of A t t a c k  

0 20 4D 60 

Sensor output in volts 

Ptg. 22. S t a l l  Deterrent System Elevator Increment Versus Error f’oltage 
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Pig. 23. Response of S t a l l  Deterrent System to a 20 degreelsec Ramp 
P i l o t  Elevator Coaunand Using a One Degree of Freedom Model 
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